e, SHR2EAEHS|X|, 2008, M18Z 135, pp. 179-190
H Korean Journal of Sport Biomechanics

2008, Vol. 18, No. 1, pp. 179-190

si7e) vl g g0l £AHze Y] HAE G
The Effects of Lower Extremity Asymmetry on Performance of Vertical Jumping
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ABSTRACT

Y. W. KIM. The Effects of Lower Extremity Asymmetry on Performance of Vertical Jumping. Korean
Journal of Sport Biomechanics, Vol. 18, No. 1, pp. 179-190, 2008. The purpose of this study was to identify
whether or not in one-leg vertical jump of each limb asymmetry between both sides is present and to identify
how the discrepancies between both limbs affect two-leg jumping performance, that is bilateral deficit. We had
13 healthy subjects perform one-leg jump for both sides and two-leg countermovement jump. The result of
biomechanical analysis showed significantly difference of 4-7% in net impulses and work output between
dominant and non-dominant one-leg jump and bilateral deficit of 24% when sum of those of each one-leg jump
was compared with two-leg jump. But asymmetry in lower extremity was not significantly correlated with
bilateral deficit. Two-leg jump could be characterized by relatively short propulsion time, long propulsion
distance and high joint angular velocity compared with one-leg jump. These factors seemed to contribute to
decreased performance in two-leg jump. Furthermore bilateral deficit was attributed to lower activities of
extensor muscles found in two-leg jump.

KEYWORDS : BILATERAL DEFICIT, ASYMMETIRY COUNERMOVEMENT, SQUAT, VERTICAL JUMP.
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sAE XA ol TR B ¢ SAE A
of A& AF 9 At Asetd 25E Y
¢ ok g 71do] st JEe FEL 7 A
< Aoyt 2 Al delMe Ho BEd o] 2

88 Ao,

A Qg8 AT B8 57 Azo) B o
2| Q75 #4929 FAS UHA Aow 17
et AT AAE BE Y, B 4Y, o5 4Y
Sl kg 29102 Q3 715H EE AAHOE &
A% $49) UR $(dominant side)? 24

(non-dominant side)®] Bt 71Xt} Al Bao
U 227l 5 A9 &% s #Hsiel ¢35 o
DA symmety) & A AEE 7F AKGuiffin
Olney & McBride, 1995; Paterno, Ford, Myer, Heyl &
Hewett, 2007)= =& 7% Aol tisiis gol B
IE AT Wheelwright, Minns, Law & Elton(1993)
318M] Atole] ol 13472 BFA Sl F1H-Al
AR HIgA %58 Hsl%d, Herzog, Nige, Read
& Olsen(1989)& 73<19] Bl tjste] 347)e] o3t
2 Qs ZARE A3 e wloA HtiAdS B



stk ol#g HIthAES FAe Q9log Agsial
(Croisier, Forthomme, Namurois, Vanderthommen &
Crielaard, 2002), 438 7+Ao] Helo] & & 9loint
T aE TAHCE I A7E vt A
= otAY & Tl ol EEAow HAAl 5
A& 7}A)7] wEo)(Sadeghi, Allard, Prince & Labelle,
2000), &5 ARS 7HEE 7129 FARE AT
el vt de] IS st 58] HltiAAol F
o °

+ F7HE The University of Sydney®] Human
Research Ethics Policyoll whel A39| A9k HHel

U 29E B F AYWIBANE s AR

Aoz Folsigitt. 49 Wee EAL uedt 2
ok yol 265+38yrs, A 173.27+419cm, AHF
7264+7.15kg (T +EFUA}).

2 A% #A 2 A%

2 AT Foze P H 395 9 5 443
7 gejel AR FYE HzE AANST Hze
ksl A AAMlA ol o g WEE & U
Eoohs HEHEE Stk B A9 8 B4 °
ol sl A aHste] FEL TEe wAES

]
AL B A FHES Soih Hzedd Y
=AE AR AT ol (quasi latin squares) WA OE
TS on, 74 rae 74 2 diste] 509
T skglen, of 7kl Eo] A2 Y TS
HFHom LA o] W 4 HzxdAef 3
Tole 18, A tolle Ha 589 F4< st

10the] s -u&Tteeks AR g
(EVaRT 4.2, Motion Analysis Corporation, USA)= &
8 100Hz= 71Z3k5it) &% %59 &, 31 (shank),
0] (thigh), =4H(pelvis), 3 (trunk), ™ ](head) &4
of AAE mdPHloH, 4 £H £F JHE &
7] 8l % 35709 948 wAA (A4 1520mm)E A
old sk fiAo FAskith BE v 49
A w3 Mo AHoz AAZHA A AA A
base trial& 7]=3l51oH, of W 3% 24 £49 9
A AR AA EgtoldelA FAZES} #AFAA
< A=Esher ol gstith. #EFAM (joint center)
o B2 ofR w9 HEGS FEdte] FHst

oo FYH#EL  Tylkowski-Andriacchi *2](Bell,
Pedersen & Brand, 1990), 53 WERH =

midpoint'§4] 0.2 4+E3}A T

r

2 23= A5 4

9 FZY 52 (Rectus Femoris, RF), thE¢]
“(Biceps Femoris, BF), WE(Gluteus Maximus,
GM), ©SH]E(Gastrocnemius medialis, GA) & 3f
AWl F8 AHITHY ZHEE Noraxon
Telemyo''(Noraxon, USA) ¥4 25 A 2:)(gain =
2000, bandwidth 10-500 Hz, CMRR > 100dB, input
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impedance > 100M)S o]-§3te] 1kHzZ 38tttk
i FHS A|ES T skin abrasion, €7 AA S
gozn JRAGE Hastd FAo 2= AT
AEE 3} THskin resistance < 5k%). 4 gl 7
59| W (belly) FHol F 749l 3M Ag/Agdl Eﬂd
A=E 259 AT ddsiA Fsif(d=1
A2l 25am) F(cross talk)s 0|55 FYrhKoh &
Grabiner, 1992). 7+ 3374 BE 289 tisho 3%
7t HAAFSMaximum  Voluntary — Isometric
Contraction, MVIQ)3t3 o™ ol& ZHEAIZY] #F
sof] ARREAT FHAS] FA9A| 9 oA MVIC
o Z4-2 SENIAM(surface EMG for non-invasive
assessment of muscles) projectS 23} thEuropean
Recommendations  for Surface ElectroMyoGraphy,
1999). =3 2 & ool thet Awnk boje = 2t
o] A ek 7 (Kistler, Switzerland)E ©]-3t 1kHz
2 AEY soith AunEs HloJel=
EVaRT £ZE01E o ¥Rt T2t

=

:Lx«]c

3. A% A7 2 B4

CERREER
gl osf 59 miA 9| 334 FHEgk
< Ao R AY9FH BE|(zero phase shift 2nd
order Butterworth lowpass filter)S AH&-sto] 10.0Hz
9] AT (cut-off frequency)E ZEAFOIN =

o]2& AASA. o3 nirle 33 FHEHE H
goz 3 %% 3 FYey wlY ﬁ€~
KinTrak™(University ~ of ~ Calgary, ~ Canada)$}

Matlab(The MathWorks, USA)E %3 o]Foi At} 4l

A XY &5, /&5 GAARE T s
HloH, x Fole FAA7} oAst= 7k AlA
FA =ol9t HAHY Aol Fh #AHY AEE
TPz} Hks] A AAl(neutral position)olH Z4H

A5E 7]FoR WEHAFA (oint coordinate system)
ol A AH&319 =8 (Grood & Suntay, 1983), &< A

ZZI(dorsiflexion), T3 guHde A
(extension)= 9| #o2 stk H, W mwl

E(net joint moment)= FHAHHE Awnky A,

_IR

AASAHRE 083 9548 L4 (inverse dynamics)
of ofsf sF=HUem, BH HAF, HAFFAUA
McConville & Young(1969), #4=EH
(moment of inertia)= Dempster(1955)% A5E 7
o] &3ttt o] W & WA thste] AXMERE
Fo o= Aofsigivy. AHnty, AARHE, #4
9 T &5 HASS APAY ATl wE
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OHz olste] AF3} wolzg AAY v 554 A
98l A3A F(full wave rectification)drAT. 74
250l skl 100mse] A7 Htime window)o.

(root mean square)E AHES T Y FFA,
Y <% MVICY Hl RVS#ol thste 23}6t5
t. RMSE A9E3 EE o83 HE LA (linear
envelope)? frAletAl 28 HE% fAS HES U
Epdith mpA| gtz Zb 319 RMS Ao thste] F
A=Ao)A9]  Hitghaveraged RMS)F A&
(integrated RMS)& 22} AH&3t5{th

}ﬂ fu du
i m{m

=y

3) $+A3IAY 243} g4 A, BLDY 4=
2 S YA thstel HFA9 3819 SHI
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5% 28 PHRAZ ARAGOH, 7 BAL 2
Zo] ohd $4 W U4 AT 1202 ool
2 oaTed §% 49 FA% wud AIHe
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1 HZ TS 28 54 3 Ay, 3E2A
x4 = - - N s
o] O gmEEl)  $AEIUD) QAITHION) RN SESHENw)
#323%0)(m) 0.323:0.07+ 0.155:0.04* 0.147+0.04 8.464+8.20% 10.935+17.213*
TZ A% Ns) 170.99:22.99% 114.70£19.67* 110.52+21.11 4.55+3.94* 23.13+7.71*
FATANAMY ) 521.17+71.04F 355.617¢52.019%  331.018+48.294 7.464+4.58* 23,9442 97¢
FRmEAA ] DEW)  1747.46+343.15F 944 83+185.87 889.28+178.07 7.874+5.67 4526£7.11
F272)(m) 0.403+0.03+ 0.345+0,03* 0.324+0.03 11.5068.848(<h
FA9] A& E(m/s) 248+0.24% 1.79+0.20* 1.7420.20

- T AAZABL vs UD] vs UNJ )ollMe] FAZCR Fo3k o], * A3} GAspA] oAz ko] SA1A Aol(UD] vs

)€ 217 HERATHp< .05)

A
3
02 A s Ynlsted dd Wl of
Hog fofg BLA7t & Aol A
Hrh.

B A7oA FEEA g Frte tgd F4
98 o] 2o} H th(Howard & Enoka, 1991).

BLD = 7UDB+IUN X100 — 100
714 BiE Padzel @ +4¥, UDS UNE
A7 94 0 GHHAG) o PRI I 5
qe uehle A0, 08 A8 FEEdo] Yoy
Ao Tl b FEEY, (= FSAHE
vehaey.

4) $A A=

A2 wolol tiste] ool 94 o dAjeldt
M Atolo] HFapel ofity} okx 3
AatAwele] Hial AZos vEEY YYEAR

(Repeated one-way ANOVA)# Bonferroni <] A

I 23 9 =9

2 279 Fz5Yol B FYEHT AAFA B
W WY J93 44 AE 3 EELS <E 1>
e s gtk $H SMHZES Hzzo] Fol
Wa PEEEIA 10% A= Eol HEsgon A

HORE folatA YERTHBL>UD+UN)). oled 24

Fe 23 & 2Ho] A &F5E TIPS | F
o] Frlehe ¥EL5 73 (bilateral facilitation)z} &
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9 A AN o) AE olga Y= o)g 7
g e B ATIAE 443 oln) w7ke] AAFAe
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o FolE 0154m ¢} 0331m=z Btk AR

ATl FAF S AT AT FA%S AA
o} a7} To} | B8 £34%S 4ET 2,
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(FR)ez Fojdl dFME opE% 2
HLHG B% 4= £ 202 Uepn. ols
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Bk PPYLY ANE e
A =T WE, A #S F39 S o
@ hgA 9wy A%E EYE @ B A7
At JEeEEAL BT 43408 noFyny
@ 4+ g
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Y4 UERIOH(UDUN), £32%% FIAE
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2 oo YR 7
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ska gl M0l EAalE ST olSo] o
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of a5 43¢ A9 Aow AR,
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oA QEFHIZAl 9 - ASHA| 7} oA 2o}
Hlws] frofstAl 2 gt= EAS1(BD<UD, UN<BN).

b
17
FAgH HYFAAENEE <TY 1o AAE  BH SFHAY & FHste FEEof & R
nie} 2t} ol Al WE AWHWES AAS Jo B2 I§9 Zojg £EE&F) - 4Tt 4E4n
2 g} nluste] PRHIA TR ZoA o} AHHOR FHPS vHT uf PLHZAA &
FootAl 2 ol ek a<epd oA, Fid o Eg ME $EE £S5 ¢ T At 259
A< EA). T PLHZAN A7 Ak FEEET) S E Bdshe I fdadide 2
of ARt R tha A YA §93 AolE S-S E(musclelength relation)d] 3L EAG ¢
Holx& oith & iy zox Had A9 94 HZAA #H wE A, 4EEs FYEH] 9
A7 vl A o] PRz ME R s EHZAA HET £ e Y v B3 9
Rom gazte] HgAAE HAFH ZHAA oy g4 9907 FAsH FEHS Aotk
o] Y Zhad & FEge vAA Eura & <d1d 2>& B 4 #- LFHgE BH F7
A NZRo A FE3 JEide] F3o] PEyxyl ¢
<E 2AME 3 HE, B, JEBA sty @dZREG 34 e 9tk o] F F8 FHAA
T 7FEHS, HUAEE, FATHAMY H 2l A 94%}7“44 *hﬂZNOI qoEez 22 A& ¢
ARWE, HOEns] 5 ANSHoH, <O¥ 2> F Utk FRYL A HAlY AFE F o] wHESH
NMe olye WHAES FAANZHIAA oAANHE = Wi 94‘%-‘@2011*1% & iAo MY dhF
100%2 EFsste] WslFol& AASIATE BHY 7 & FESoF ste oA F=g g tig o
THAE FEF JUIEAA YRHIA LAz F J)Hel| Y3 ZFo] AFHUES AR AEHH,
%‘?—__J‘S}Zl Zo W fFosiAl AJ}SWKBD<UD, HHE WE9 A7V} FEA FUFlE BTt P
UN<BN), %E?Jr%ﬂ_% olgg ztol7} YeRA otk AZA Y kA HlE] 984 28-S o= A
ol UM FAYY At FAHE ¥ A & 2 FAFAEY gE SEHANA FESEEMol B
HWMW by o] s FoFoR F2 Algtel o A Yehd F & ASE Alsdh
2 AY F1E& o] FUSFS Yujditt o3 A= Ho FAAR 984 Z¥(mechanical output)OIE}
HYPA &R Yeid et 28, 75, 98 T F e HUAAEZHEES ARy A 34 &
2 HI x7dE o8 Hol
- 28 omensAmp)  PIUASAEN)  SHSARAUD  elEdsN)
A el o= 63824532 63.2845.6 62.55+4.05 60.94+3.98
/ (0)" = 7= 87.38+4.55% 89.47+5.08% 71.56+4.16 69.75+3.79
ek 62761540t 65.01+7.08% 56.2146.53 55.08+6.21
R 11.53+0.84% 11.70+0.81% 10.10+0.75 10.13+0.60
Y pdiEs .
= 11.86+0.80% 11.98+0.76% 9.24+0.61 9.08+0.46
(rad/s)
4 7.63+0.57% 7.71+0.66% 6.06=0.64 588+0.71
) =l 1.42+0.17F 1.39+0.17F 210+0.21% 2.23+027
AARHE oo
(Nim/kg) 5= 1.73+0.26 1.720.33 1.8740.21 1.82+0.33
94 0.97+03% 1.01+0.28% 1.94+0.65 2.00£0.39
=S 10.97+1.38t 10.94+1.73% 1347+1.75 14244229
Al A glo) =
Aoadaees oo 980+1.73¢ 977204 7.95+155 7.7842.2
(W/kg) e 3.78+1.46 3.60£1.35 3.97+181 4.06+145
(<) /0L L. /1] Uoxl.
- 1 i) oAl FUSEA|ZEY 210)(BD vs UD H= BN vs UN), * 9 9 s Yol S5} @Askxitke] &
AR 20)(BD vs BN B+ UD vs UN)E 212 L}EM%K 05).
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